arXiv:nucl-th/0512047v2 2 Apr 2006 


Determination of tt^ meson polarizabilities from the 77 —> process 

L.V. Fil’ko\0 and V.L. Kashevaro\0 
Lebedev Physical Institute, Leninsky Prospect 53, Moscow 119991, Russia 


A fit of the experimental data to the total cross section of the process 77 ^ tt+tt” in 
the energy region from threshold to 2500 MeV has been carried ont nsing dispersion rela¬ 
tions with subtractions for the invariant amplitudes, where the dipole and the quadrupole po¬ 
larizabilities of the charged pion are free parameters. As a result, the sum and the dif¬ 
ference of the electric and magnetic dipole and quadrupole polarizabilities of the charged 
pion have been found: (ai + = (O.ISIq Jj) x 10 ““*^®, {a\ — I3i)^± = (IS.Ot^;^) x 10 ““*^®, 

(02 + P2)t,± = (0.133 ± 0.015) X lO^'^fm®, (02 — l 32 ).„-± = (25.01q'3) ^ 10““^^®. These values agree 
with the dispersion sum rule predictions. The value found for the difference of the dipole polar¬ 
izabilities is consistent with the results obtained from scattering of high energy 7 r“ mesons off the 
Coulomb field of heavy nuclei [Yu.M. Antipov et al, Phys. Lett. B121, 445 (1983)] and from 
radiative tt"*" photoproduction from the proton at MAMI [J. Ahrens et al, Eur. Phys. J. A 23, 113 
(2005)], whereas it is at variance with the recent calculations in the framework of chiral perturbation 
theory. 
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I. INTRODUCTION 

Pion polarizabilities are fundamental structure param¬ 
eters characterizing the behavior of the pion in an ex¬ 
ternal electromagnetic field. The dipole and quadrupole 
polarizabilities arise as O(w^) and 0{uj‘^) terms, respec¬ 
tively, in the expansion of the non-Born amplitude of 
Compton scattering in powers of the initial photon en¬ 
ergy Lu. In terms of the electric ai {I =1, 2) and magnetic 
/3; dipole and quadrupole polarizabilities, the correspond¬ 
ing effective interactions of O(oj‘^) and 0(uj'^) have the 
forms m 

Hi% = -^^7T{a,E^+P,H^), ( 1 ) 

Hi% = -^47r{a,Ef^+(3,Hf^), (2) 

where 

Eij = — (Vi Ej + Vj Ei) , Hij — — (Vi Hj + Vj Hi) 

( 3 ) 

are the quadrupole strengths of the electric and magnetic 
fields. 

The dipole polarizabilities (ai and /3i) of the pion mea¬ 
sure the response of the pion to quasistatic electric and 
magnetic fields. In contrast, the parameters a 2 and (32 
measure the electric and magnetic quadrupole moments 
induced in the pion in the presence of an applied field 
gradient. In what follows, the dipole and quadrupole 
polarizabilities are given in units 10“'^fm^ and 10“^fm^, 
respectively. 
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The values of the pion polarizabilities are very sensitive 
to predictions of different theoretical models. Therefore, 
an accurate experimental determination of these parame¬ 
ters is very important for testing the validity of such mod¬ 
els. In particular, the determination of the difference of 
the electric and magnetic dipole polarizabilities is of ma¬ 
jor importance. The value of this difference found from 
the radiative tt"*" meson photoproduction from the proton 
at MAMI 0 is equal to 11.6 ± l.bstat ± 3.0sysi ± O.Smod 
and close to the value obtained from scattering of high 
energy 7r“ mesons off the Coulomb field of heavy nuclei 
in Serpukhov 0 assuming ai,r- = and equal to 

13.6±2.8±2.4. However, these values differ from the pre¬ 
diction of chiral perturbation theory (ChPT) (4.4 ± 1.0 
0)- The experiment of the Lebedev Physical Institute 
on radiative pion photoproduction from the proton 0 
has given ai,r+ = 20± 12. This value has large error bars 
but nevertheless shows a large discrepancy with regard 
to the ChPT predictions as well. 

Attempts to determine the charged pion dipole polar¬ 
izabilities from the reaction 77 —> tt+tt" suffered greatly 
from theoretical and experimental uncertainties. The 
analyses mu have been performed in the region of 
low energy [y/t < 500 MeV, where t is the square of the 
total energy in 77 c.m. system). In this region the values 
of the experimental cross sections of the process under 
consideration Esiniiiiiii are very ambiguous. As a 
result, the values of aiT,.± found lie in the interval 2.2- 
26.3. The analyses of the data of Mark II M have given 
Q:i,r± close to the ChPT result. However, even changes of 
the dipole polarizabilities by more than 100% are com¬ 
patible with the present error bars in the energy region 
considered Q- 

The experimental information available so far for the 
dipole polarizabilities of the charged pions is summarized 
in Table I. 

We have determined the charged pion polarizabilities 



TABLE I: The experimental data presently available for the charged pion dipole polarizabilities. 


Experiments 

ai.„±/10 

(ai -/3i),r±/10 

7r“Z ^ 77r~Z, Serpukhov (1983) 

6.8 ± 1.4 ± 1.2 


IP —> 77r'''n, Lebedev Phys.Inst. (1984) ^ 

20± 12 


7P —> MAMI (2005) 


11.6 ± l.Sstdt ± 3.0si;st ± O.dmod 

D. Babusci et al. (1992) 

77 ^ 7r+7r“: PLUTO (1984) [lO] 

DM 1 (1986) [nj 

DM 2 (1986) [l^ 

Mark II (1990) [IJ 

19.1 ±4.8 ±5.7 

17.2 ±4.6 

26.3 ± 7.4 

2.2 ± 1.6 


F. Donoghue, B. Holstein (1993) 

77 —> 7r^7r“: Mark II 

2.7 


A. Kaloshin, V. Serebryakov (1994) 

77 —> 7r'^7r“: Mark II 


5.25 ±0.95 


from the analyses of 77 ^ 7 r“'' 7 r“ reaction data in the 
energy region from threshold up to 2500 MeV. 

An investigation of this process at middle energies was 
also carried out in the framework of different theoretical 

models [3111111113 However, they did not try to 

extract information about pion polarizabilities. 

In Ref. ^3 fitted the data ^ to the total cross 
section of the process 77 ^ 7 r° 7 r°, using dispersion re¬ 
lations (DRs) at fixed t with one subtraction for the in¬ 
variant helicity amplitudes in the energy region from 270 
up to 2000 MeV. This analysis has allowed for the deter¬ 
mination of the 7 r° dipole polarizabilities. In this work 
the cr meson was considered as an effective description of 
the strong S-wave tttt interaction using the broad Breit- 
Wigner resonance expression. The parameters of such a 
cr meson have been found from the fit to the experimental 
data 0 in the energy region 270-825 MeV. As a result, 
a good description of the experimental data was obtained 
for v/f = 270 — 1700 MeV. However, this work predicted 
a strong rise in the total cross section at higher energies 
in contradiction with the experimental data. 

In Ref. [^ we showed that this discrepancy could be 
eliminated in the energy region at least up to 2.25 GeV 
by regarding the quadrupole 7 r° meson polarizabilities as 
free parameters. With this aim, we have constructed 
DRs at fixed t with one subtraction, where the subtrac¬ 
tion functions were determined with the help of the DRs 
with two subtractions. The subtraction constants were 
connected with the dipole and quadrupole polarizabili¬ 
ties. The analysis of the experimental data [3 113 for 
the total cross section of the process 77 ^ 7 r° 7 r° was per¬ 
formed in the energy region 270-2250 MeV. This analysis 
has resulted in the determination of the quadrupole 7 r° 
meson polarizabilities for the first time. In addition, the 
values of the effective interaction radius of the /2(1270) 
meson and its decay width into two photons have been 
determined: rj — 0.96 ± 0.01 fm, T = 3.05 ± 0.11 
keV. 

In the present work we construct the DRs similar to 
those of Ref. [3 for the amplitudes of the process 
77 —> 7 r+ 7 r“. Using the DRs allows one to avoid the prob¬ 
lem of double counting and the subtractions in the DRs 


provide a good convergence of the integrand expressions 
in these DRs and therefore increases the reliability of the 
calculations. These DRs are used to fit the experimental 
data [3 HI 13 12 II 3 m in the energy region from 
threshold up to 2500 MeV. As a result, we have found 
the dipole polarizabilities of the charged pions and deter¬ 
mined their quadrupole polarizabilities for the first time. 
The value of the difference (oi — /3i),r± = IS.O^^ound 
is in good agreement with the result of Refs. |3,13l 
with the predictions of the dispersion sum rules (DSRs) 
1^. However this result is at variance with the recent 
calculations in the framework of ChPT (3. 

The paper is organized as follows. In Sec. H the 
DRs for the invariant helicity amplitudes of the process 
77 —> TT+TT” are constructed. The determination of the 
charge pion polarizabilities from the experimental data 
on the reaction 77 —> tt+tt" is given in Sec. HI. The 
discussion of the results obtained is presented in Sec. IV. 
Conclusions are presented in Sec. V. 


II. DISPERSION RELATIONS EOR THE 
AMPLITUDES OF THE PROCESS 77 ^ tt+tt" 


The process 77 —*■ is described by the following 

invariant variables 


t={ki+k 2 ), s = {pi-kif, u = {pi-k 2 f, (4) 

where pi(p 2 ) and ki{k 2 ) are the pion and photon four- 
momenta. 

We will consider the helicity amplitudes M+_|_ and 
M_|_ 1^. These amplitudes have no kinematical singu¬ 

larities or zeros and define the cross section of the process 
77 —> 7 r“'' 7 r“ as follows 


da^ 


dVt 


1287r2 


ft-V) 

f3 




-k—ftft-4/r2)2sin4r|M+_ft 
16 


(5) 


where 9* is the angle between the photon and the pion 
in the c.m. system of the process 77 —> tt+tt” and /r is 
the meson mass. 
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By constructing the DRs at fixed t with one subtrac¬ 
tion aX s = fP for the amplitude we have: 

iieM++(s, t) = ReM++{s = t) + i?++(s, t) 






ds' ImM++{s', t) 


1 


4/J.2 

1 


(s' — s)(s' — 


(s' — m)(s' — -\-t) 

where -B++ is the Born term equal to 


B++[s,t) = 


{s- ^R){u- ^R) 


( 6 ) 


( 7 ) 


and 


M++{s = = M++(s = - B++(s = 

( 8 ) 

Via crossing symmetry these DRs are identical to the 
DRs with two subtractions. 

We determine the subtraction function ReM+-|_(s = 
/i^, t) with the help of the DRs at fixed s = /i^ with two 
subtractions using crossing symmetry between the s and 
u channels 


ReM++{s = = 

= M++(s = 0) -I- t 


dMj^+{s = t) 


dt 


t=o 


TT 


4/^2 


P 


4/i2 


/TOM+_|_(t', s = /r^) dt' 
t' 2 (t' - t) 


ImM++{s', u = ds' 

(s' — ^2)2(s' — -I- t) 


(9) 


where P denotes a principal value integral. 

The subtraction constants M+_|_(s = fi^,t = 0) and 
dM++{s = fj,‘^,t)/dt\^_^ are determined in terms of dif¬ 
ferences of the dipole ((oi — /3i)^±) and quadrupole 
((a 2 — /32)7r±) polarizabilities by taking into account the 
expressions of the sum and the difference of the general¬ 
ized electric and magnetic polarizabilities of any multi¬ 
pole order through invariant amplitudes |28| . 

M++(s = = 0) = 27r^(ai - /?i)^±, 

= ( 10 , 

6 


dt 


t=o 


The DRs for the amplitude M_|__(s,t) have the same 
form as expressions © and but with the substitu¬ 
tions: M++ ^ _, ImM++ ImM^ _, and P++ ^ 

P_i_= P+_|_//i^. The subtraction constants are equal in 

this case to 

_ Stt 

M+_(s = = 0) = —(ai + Pi)^±, 


dM+-{s = t) 


dt 


= ^(0:2 +/32)7r±- (11) 

t=o 6 /x 


To calculate a principal value integral in eq. we use 
the following expression: 


2 / F{t') dt' ^2 } m') - Fjt)) dt' 

J t'^t'-t) J t'^t'-t) 

4/^2 4^2 


+F{t) 


1 V(A-t) >-4/i2 

/"A(t-V) VA 


( 12 ) 


III. DETERMINATION OF THE CHARGED 
PION POLARIZABILITIES 

The DRs for the charged pions are saturated by 
the contributions of the p(770), 61 (1235), ai(1260), 
and 02 ( 1320 ) mesons in the s channel and a, /o(980), 
/o(1370), /2(1270), and /2(1525) in the t channel. 

The parameters of the p, bi, 02 , /2(1270), an d f 9 (1525) 
mesons are given by the Particle Data Group j^. The 
parameters of the /o(980), /o(1370), and oi mesons are 
taken as follows: 

/o(980): mf„ = 980 MeV T/^ = 70 MeV (the av¬ 
erage of the PDG [ 2 ^ estimate), T fg^j-y = 0.39 x 10“^ 
MeV = 0.84 

/o(1370): ^„(i370) = 1434 MeV M, r/„(i 379 ) = 
173 MeV 0, r/„(i 37 o)^.y-y = 0.54 x lO"® MeV [H, 

r/o(1370)^7r7i- = 0-26r/o(i370) [3^ 

ai(1260): nia, = 1230 MeV =425 MeV (the 

avera ge v alue of the PDG estimate j^), Pai^-yTri = 0-64 

MeV pI. 

The values of the effective radius of the /2(1270) meson 
and its decay width into two photons are taken from our 
analysis of the reaction 77 ^ tt^tt^ [^: rf = 0.96 fm, 
r/2(i27o)^77 = 3.05 keV. 

For the cr meson we use the values of the mass and 
the decay widths found in Ref. 0 : = 547 MeV, 

To- = 1204 MeV, rCT ^77 = 0.62 keV. It is worth noting 
that by regarding the decay widths Po- and ro .^77 as 
free parameters in the present work, we have obtained 
practically the same values for them as in Ref. 0| . This 
value of rcr ^77 differs strongly from the result of Ref. 0 
(rcr ^77 = (3.8±1.5) keV). Using the latter magnitude of 
the decay width in our fit led to essential contradictions 
with the experimental data. On the other hand, the value 
ro .^77 = 0.62 keV allowed Schumacher 0 to obtain 
a reasonable value of the a meson contribution to the 
difference of the nucleon dipole polarizabilities. 

Expressions for the imaginary parts of the resonances 
under consideration are given in Ref. pn|. 

The influence of the upper integration limit (A) in the 
DRs on results of the calculations was investigated. They 
are not changed for A more than (5 GeV)^. In the present 
work we performed the integrations up to (12.5 GeV)^. 

The results of calculations are sensitive to a step length 
of integration at t' < (4 GeV)^. We took the minimal 
integration step length in this region which provided the 
stable result of the calculations. 
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(with I cos 0*1 < 0.6). The solid curve is the best fit of the 
present work. The dashed curve is the Born contribution. 
The dotted and dashed-dotted curves are the results of a our 
calculation with (ai — /3i),r± and (qi -|- j3i)^± from ChPT 
and the fit of the experimental data with (ai — /3i)^± and 
(ai -|- /3i),r± fixed from ChPT, respectively. 

The main contribution to the total cross section of the 
process 77 —> 7 r''' 7 r“ is given by the t-channel resonances 
and the pion polarizabilities. For s-channel resonances, 
the largest contribution is given by the p meson. Its 
contribution is important in the energy region of ^/i > 1 
GeV. 

The best result of our fit to the experimental data for 
the total cross section | 3 ) llE 113 in the energy 

region from threshold up to 2.5 GeV is presented in Fig. 
1 by the solid curve. 

We took into account all available data in this energy 
region which were integrated over | cos0*| < 0.6. The er¬ 
ror bars in this hgure are the quadratic sum of statistical 
and systematic errors. 

This solid curve well describes the experimental data 
in the whole energy region under investigation. As a 
result of this ht, we have found the following values for 
the charged pion polarizabilities: 


(ai-/3i)^± =13.0t?J, (13) 

(ai+/3i)^± =0.18t°:“, (14) 

(a 2 - /? 2 ).± = 25.0t°;«, (15) 

(a 2 + /? 2 )^± = 0.133 ± 0.015. (16) 


It should be noted that the values of the sum of the 
dipole polarizabilities from Ref. are equal to 0.22 ± 
0.06 and 0.30 ± 0.04 from the analysis of Markll and 
GELLO data, respectively. 

The dashed curve in Fig. 1 is the Born term con¬ 
tribution. The dotted curve is a result of calculations 
using the DRs when ( 0:2 — / 92 ) 7 r± and ( 0:2 + / 92 )ii-± are 
equal to the values (ESI and m but the dipole polar¬ 
izabilities are taken from the ChPT calculations as 



<r (GeV) 

FIG. 2: Fits to the total cross section of the individual exper¬ 
imental works: (a) - Ref. 1^ . (b) - Ref. IT^ . (c) - Ref. 1^ . 
(d) - Ref. m. 


(ai — /3i),r± = 4.4 and (ai -I- /3i)^± = 0.3. The dashed- 
dotted curve presents a result of the ht of the experimen¬ 
tal data when the quadrupole polarizabilities are the free 
parameters and the values of the c^ole polarizabilities 
are hxed by the ChPT calculations This ht has given 
(a 2 — () 2 )-k± = 25.7 and (a 2 + P 2 )-k± = 0.124. Both the 
last curves are close to the results of the calculations in 
Ref. 0 in the energy region up to 700 MeV; however, 
they diher strongly from all experimental data on the 
total cross section at higher energies. 

The hts of the data to the total cross section for the 
separate works 0, are presented in Fig. 

2. These hts have given lower and upper values of the 
charged pion polarizabilities and were used to estimate 
errors in Eqs. iflT when the data of all works 

[ 1 ^ 1^ 1^ 1^ 1^ l26l| were considered. 

The angular distributions of the differential cross sec¬ 
tion of the process 77 ^ tt+tt” at diherent energies are 
shown in Fig. 3. Presented in this hgure are the experi¬ 
mental data of the Markll, CELLO, and VENUS collab¬ 
orations. The differential cross sections of the CELLO 
and VENUS collaborations were measured with 50-MeV 
energy intervals. To compare these data with the Markll 
ones we averaged them for 100-MeV intervals. The solid 
and dashed curves are the results of calculations using 
our and the ChPT hts (the latter when the values of the 
dipole polarizabilities are hxed by ChPT 0 ) to the total 
cross sections in Fig. 1, respectively. This hgure demon¬ 
strates a good description of the angular distributions by 
the solid curves with the polarizability values 
found in the present work. However, the calculations 
with the dipole polarizabilities from ChPT contradict 
these experimental data, particularly at higher energies. 
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FIG. 3: Angular distributions of the differential cross sections 
for the following energy intervals; (a) - 0.95-1.05 GeV, (b) 
- 1.05-1.15 GeV, (c) - 1.15-1.25 GeV, (d) - 1.25-1.35 GeV, 
(e) - 1.35-1.45 GeV, (f) - 1.45-1.55 GeV. The designations 
of the experimental data are the same as in Fig. 1. 


TABLE II: The dipole and quadrupole polarizabilities of the 
charged pions in units 10“^^^^ and lO^'^fm®, respectively. 


present 

analysis DSRs [2^ ChPT 

13.0+i;^ 13.60 ±2.15 4.4 ± 1.0 

(ai ±/3i).„± O.lSlo’Jj 0.166 ±0.024 0.3 ±0.1 
(02 - /32L± 25.01^1 25.75 ± 7.03 

(Q2±/12L± 0.133 ±0.015 0.121 ±0.064 


IV. DISCUSSION 

The experimental results P|l -P|l for the charged 
pion dipole and quadrupole polarizabilities and the pre¬ 
dictions for these parameters from the DSRs ^3 ^'^tl the 
results of a two-loop analysis {0{p^)) Q for the dipole 
polarizabilities are listed in Table II. As seen from this 
Table, the values of the polarizabilities found are in a 
good agreement with the DSR predictions |^. The dif¬ 
ference of the dipole polarizabilities of the charged pions 
agrees very well with the results obtained from the radia¬ 
tive photoproduction of 7 r+ from the proton at MAMI Q 
and from the scattering of high energy tt~ mesons off the 
Coulomb held of heavy nuclei 0 . However, this differ¬ 


ence deviates from the recent predictions of ChPT |^. 

The approximate SU{2)l x SU{2)r x U{1)v chiral 
symmetry in the two havor sector of QCD results in a 
Ward identity, which relates Compton scattering on a 
charged pion, 77 r+ —> 771 +, to radiative charged-pion 
beta decay, 7 r+ ^ e^Vg^. The result obtained for the 
charged pion dipole polarizabilities using ChPT at lead¬ 
ing nontrivial order ( 0 (p^)) can be written in the form 


^l7r=t Plir^ 


2 ^ 1 ^6 ^5 

47r (47ri7n.)2/r 6 


(17) 


where F,r = 92.4 MeV is the pion decay constant and 
(Je — h) is a linear combination of scale-independent pa¬ 
rameters of the Gasser and Leutwyler Lagrangian |^ . 
At the lowest nontrivial order this difference is 

related to the ratio 7 = Fa/Fv of the pion axial-vector 
form-factor Fa and the vector form-factor Fy of the ra¬ 
diative pion beta decay [^: 7 = (le — ^ 5 )/ 6 . Using 
(le — ^ 5 ) = 2.7 ± 0.4 BiirgiQ had obtained at 0{p'^) 


ai^+ = 2.7±0A. (18) 

This value is used in a two-loop analysis {0{p^)) in Ref. 
the result is 


(q;i±/3i)^± =0.3±0.1, (19) 

(ai-/3i),± =4.4±1.0. (20) 

It is worth noting that the degeneracy Q!i,n.+ = —/?!,„.+ has 
been removed at 0{p^). The corresponding corrections 
amount to an 11 % ( 22 %) change of the 0{p'^) of the re¬ 
sult for ai,r+ (/ 3 i 7 r+)- The effect of the new low-energy 
constants appearing at 0{p^) on the pion polarizabili¬ 
ties was estimated via resonance saturation by including 
vector and axial-vector mesons. Their contribution was 
found to be about 50% of the two-loop result. 

It should be noted that taking into account higher or¬ 
ders in the quark mass expansion, Bijnens and Talavera 
have obtained (Je — h = 2.98±0.33) [3^ which would lead 
to (ofi—/9i),r± equal to 4.9 instead of 4.4, whereas the sum 
would remain the same as in Eq. flU . Nevertheless, the 
experimental results of Ref. Hi and the present ones 
differ from this prediction of ChPT for (oi — and 

further theoretical and experimental work is needed. 

One of the reasons of such a deviation could be the ne¬ 
glect of the contribution of the wide tr meson in the ChPT 
calculations. As has been shown in Ref. |^, this reso¬ 
nance gives a main contribution to DSRs for (oi — /3i),n.±. 
This contribution essentially exceeds the contribution of 
the vector and axial-vector mesons. 

Moreover, the analysis of the recent PIBEPA result 
suggests an inadequacy of the present vector-axial- 
vector {V — A) description of the radiative beta decay, 
which would also reflect itself in an inadequacy of the 
ChPT description in its present form. 

To compare with the situation for the mesons, we 
present here Table III, where the experimental values of 
the 7 r° meson dipole and quadrupole polarizabilities are 
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TABLE III: The dipole and quadrupole polarizabilities of the 
7 r° meson in units and 10“^fm®, respectively. The 

ChPT data from Ref. lill. l4ll . 




experiment 

DSRs [20] 

ChPT 

(ai 

- Pi)tvO 

-1.6 ±2.2 yj 

-3.49 ±2.13 

-1.9 ±0.2 



-0.6 ± 1.8 [9j 



(q?! 

+ dljirO 

0.98 ± 0.03 [48] 

0.802 ± 0.035 

1.1 ±0.3 



1.00 ± 0.05 [3^ 



( a ?2 

/^2 ) 71-0 

39.70 ± 0.02[20] 

39.72 ±8.01 

37.6 ±3.3 

{ot2 

+ I32)„o 

-0.181 ±0.004(20, 

] -0.171 ±0.067 

0. 04 


confronted with predictions of DSRs [BE] and two- 
loop calculations in the frame of ChPT. 

The experimental values of the sum and the difference 
of the dipole polarizabilities of 7 r° and the difference of 
its quadrupole polarizabilities do not conflict within the 
errors with the predictions of DSRs and ChPT. However, 
there are very big errors in the experimental values for 
the difference of the dipole polarizabilities. Therefore, it 
is difficult to draw a more unambiguous conclusion. For 
the sum of the quadrupole polarizabilities of 7 r°, the DSR 
result agrees well with the experimental value, but ChPT 
predicts a positive value, in contrast to the experimental 
result. However, as was noted in Ref. this quan¬ 

tity was obtained in a two-loop approximation, which is 
a leading order result for this sum, and one expects sub¬ 
stantial corrections to it from three-loop calculations. 

V. CONCLUSION 

The dispersion relations at fixed t with one subtrac¬ 
tion at s = have been constructed for the invariant 


helicity amplitudes of the reaction 77 —> The 

subtraction functions were determined with the help of 
the DRs at fixed s = with two subtractions at t = 0, 
where the subtraction constants were expressed through 
the dipole and quadrupole polarizabilities of the charged 
pion. These DRs, where the sum and the difference of the 
dipole and the quadrupole charged pion polarizabilities 
were free parameters, were used to fit the experimental 
data to the total cross section of the process 77 ^ tt+tt” 
in the energy region from threshold to 2.5 GeV. 

As a result, the dipole and the quadrupole polariz¬ 
abilities have been found. The quadrupole charged pion 
polarizabilities have been determined for the first time. 
The value of the difference of the dipole polarizabilities 
(oi —/3i)^± = 13.0lj;g found agrees well with results ob¬ 
tained at MAMI 0 and in Serpukhov Q and with the 
DSR predictions whereas it is at variance with the recent 
calculations in the frame work of ChPT j^. 

The results of the calculations of the angular distribu¬ 
tions for the process under consideration, using the DRs 
constructed in the present work and the values of the 
dipole and the quadrupole polarizabilities CSl-CSl) , are 
in a good agreement with the experimental data. 
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